Pediatric oncology patients hospitalized in resource-limited settings are at high risk for clinical deterioration resulting in mortality. Intermediate care units (IMCUs) provide a cost-effective alternative to pediatric intensive care units (PICUs). Inappropriate IMCU triage, however, can lead to poor outcomes and suboptimal resource utilization. In this study, we sought to characterize patients with clinical deterioration requiring unplanned transfer to the IMCU in a resource-limited pediatric oncology hospital. Patients requiring subsequent early PICU transfer had longer PICU length of stay. PEWS results prior to IMCU transfer were higher in patients requiring early PICU transfer, suggesting PEWS can aid in triage between IMCU and PICU care.
INTRODUCTION
Hospitalized pediatric oncology patients are at high risk of deterioration due to the severity of the illness, number of interventions, and immunosuppression. Hospitals with limited resources face many challenges, including lower nursing-to-patient ratios and supply and personnel shortages, resulting in worse outcomes following clinical deterioration in these patients.
Many hospitals use Pediatric Early Warning Systems (PEWSs), scoring tools associated with an escalation algorithm, to aid in early recognition of clinical deterioration and timely transfer to the pediatric Abbreviations: IMCU, intermediate care unit; PEWS, Pediatric Early Warning System; PICU, pediatric intensive care unit; PIM, Pediatric Index of Mortality; REDCap, research electronic data capture; UNOP, Unidad Nacional de Oncología Pediátrica intensive care unit (PICU). 1,2 PEWS are commonly used in pediatric oncology units, 3 and a few have been validated specifically in these patients. 4, 5 Our team recently implemented a modified PEWS in a resourcelimited pediatric oncology hospital in Guatemala. We demonstrated successful implementation of the tool, which decreased number of unplanned PICU transfers and improved PICU utilization. 6 We also validated the score, showing accurate identification of clinical deterioration, abnormal scores beginning 24 hours prior to unplanned PICU transfer, and patients with higher scores requiring more PICU interventions. 7 Although evidence supports the use of PEWS in identifying the need for intensive care from the floor or emergency room, 1, [8] [9] [10] for patients without the need for PICU interventions, but who require frequent monitoring or increased nursing care, making them too sick for the general wards. 11 IMCUs are frequently used as "step-down" beds for patients transitioning from intensive care, "step-up" beds for patients who are deteriorating on the ward, or a place to continue postoperative recovery for surgical patients. 12 A recent study of 108 North
American hospitals with PICUs found that 33% had IMCUs. 13 Little data, however, exist on effective use of IMCUs in resource-limited settings. In this study, we sought to characterize patients with clinical deterioration requiring unplanned transfer to the IMCU and to evaluate the utility of PEWS to triage between IMCU and PICU care in a resource-limited pediatric oncology hospital.
METHODS

Setting
Unidad Nacional de Oncología Pediátrica (UNOP) is a pediatric oncology hospital in Guatemala, treating approximately 500 new cancer patients annually (more than 50% of cases in Guatemala). UNOP has an oncology floor (nursing ratio 1:4-6), an IMCU (ratio 1:2), and a PICU (ratio 1:1). The IMCU at UNOP is staffed by pediatric oncologists and provides increased monitoring and nursing care for patients felt to be too sick for the oncology floor; intensive-level interventions, such as vasoactive infusions and mechanical ventilation, are only available in the PICU (staffed by pediatric intensivists). In 2014, a modified PEWS was implemented at UNOP (see Supplementary Figs. S1 and S2). Implementation resulted in near 100% compliance with PEWS documentation with every set of vital signs and >90% accuracy in calculating the score. 6 The PEWS escalation algorithm requires a physician evaluation for abnormal (≥3) scores, and a PICU consultation for any red (≥5) result. Decision for transfer to the IMCU or PICU is made jointly by the floor and ICU teams regardless of PEWS result; IMCU transfer does not require PICU consultation.
Study design
Following PEWS implementation at UNOP, all unplanned transfers to the IMCU or PICU between January and June 2015 were documented and reviewed as a quality improvement measure. PEWS scores are documented by nursing staff as part of routine patient care with every set of vital signs (at least every 4 hr for floor patients). The three most recent PEWS scores prior to transfer were used for analysis.
Early PICU transfers were defined as patients requiring PICU transfer within 24 hours of unplanned IMCU transfer; appropriate IMCU transfers were unplanned IMCU transfers who remained in the IMCU.
Patient characteristics and laboratory data were extracted via retrospective chart review and documented on paper case report forms, then entered into the Research Electronic Data Capture (REDCap)
tool. 14 The Pediatric Index of Mortality (PIM2), 15 
RESULTS
During the study period, 39 patients required unplanned floor to IMCU transfer. Of these, 5 (12.8%) required early PICU transfer (average 9.1 hr between transfers). Two patients (not requiring PICU care) had missing nursing flow sheets, and were excluded from analysis of PEWS results.
Characteristics of unplanned IMCU transfers at UNOP are described in Table 1 . Early PICU transfers and appropriate IMCU transfers were similar in age, sex, oncologic diagnosis, and frequency of relapsed oncologic disease. The most common reasons for IMCU transfer were fever and neutropenia, pneumonia, respiratory distress, and mucositis; frequencies of these were similar between the two groups. About 50% of patients were neutropenic at unplanned transfer; two patients (5.1%) did not survive their hospitalization.
The three most recent PEWS scores prior to unplanned IMCU transfer were evaluated for 37 patients with available nursing flow sheets; the highest PEWS was normal (0-2) in 14 (37.8%), yellow (3) (4) in 11 (29.7%), and red (≥5) in 12 (32.4%) patients. The maximum PEWS prior to IMCU transfer was significantly higher in patients requiring subsequent early PICU transfer compared to those who remained in the IMCU (5.6 vs. 3.1, P = 0.03). The maximum PEWS values in each group are further described in Supplementary Fig. S3 .
We compared patients requiring early IMCU to PICU transfer with other unplanned PICU transfers (directly from floor or intermediate units without recent escalation of care) ( Table 2 ). Of the 58 unplanned PICU transfers during this period, 7 died prior to PICU discharge (mortality 12.1%). Patients requiring early IMCU to PICU transfer had longer PICU length of stay (13.6 days vs. 7.2 days, P = 0.036). with critical illness result in high mortality and longer ICU LOS. [16] [17] [18] [19] These findings highlight the importance of appropriate triage of patients with clinical deterioration to IMCU versus PICU level of care to improve overall hospital outcomes.
DISCUSSION
PEWS are used by many hospitals to aid in early identification of clinical deterioration in hospitalized patients. Implementation of PEWS has been shown to reduce severity of illness on PICU transfer, rates of cardiopulmonary arrests outside the PICU, and overall hospital mortality in high-resource 1, 20, 21 and resource-limited settings. 2, 6 In this study, we show that among unplanned transfers to the IMCU, those requiring early escalation to PICU care had significantly higher There are a number of limitations to this study. We used a quality improvement database and data were collected retrospectively from patients' charts. This methodology is susceptible to issues common to retrospective work, including the potential for missing data. Documentation of IMCU transfers, however, was confirmed with an electronic patient tracking database, making it unlikely that events were missed.
This study included a small sample size, which limited our power to identify differences between groups. We were, however, able to demonstrate differences in PEWS results and PICU outcomes. Future work including a prospective evaluation with a larger sample size is necessary to confirm our findings.
